The synthesis and characterization of MCM-41 supported Co-Mo catalysts and catalytic hydrogenation of 1-octene to n-octane were discussed. BET specific surface area of MCM-41, calculated from N 2 adsorption/desorption isotherm, was 1690 m 2 /g. The XRD patterns of the Co-Mo/MCM-41 catalysts show that metal species are finely dispersed and the size of CoO and MoO 3 particles is below the detection limit by XRD. The 1-octene hydrogenation activity of the catalysts decreased with increasing the Co content up to 9 wt.% for the Co-promoted Co-Mo/MCM-41 catalysts with a MoO 3 content of 12 wt.%. All the catalysts show increased hydrogenation activity with increasing reaction temperature in the temperature range from 200 to 350°C.
Introduction
It is well known that mesoporous materials such as MCM-41 and SBA-15 have many applications in chemical industry, petrochemistry, medicine, biosensors etc. In recent years, they are employed as adsorbents and supports of catalyst not only in organic synthesis, but also in petroleum refining [1, 2] . In petroleum refining, the hydrotreating process is an important unit. This process is widely used to removing sulfur containing compounds from gasoline, gas oil and heavier distillates. The removal of the sulfur containing compounds is necessary to meet the regulations for environmental protection and requires the use of catalysts with high performance. During the desulfurization by hydrotreatment, saturation of olefines in the gasoline by hydrogenation brings the loss of several octane numbers. Therefore, the hydrotreating process requires the use of catalysts with high hydrodesulfurization (HDS) performance, but with low olefine hydrogenation activity.
In petroleum refineries, γ-alumina supported molybdenum based catalysts promoted with Co or Ni have been used for the HDS of sulfur containing compounds [3] . It is well known that during hydrotreatment of petroleum products, different reactions occur depending on the nature of the feedstock, the catalysts used and the reaction conditions. Therefore, many investigations were dedicated to the synthesis of catalysts with better HDS performance. At present, various catalysts based on mesoporous materials are developed and tested for HDS performance [4, 5] .
The purpose of this contribution is to studying the hydrogenation of 1-octene to n-octane by using MCM-41 supported Co-Mo catalysts. The nickelcatalyzed hydrogenation of 1-octene to n-octane has been already investigated by many researchers [6] [7] [8] , but, to the best of our knowledge, the hydrogenation of 1-octene on MCM-41 supported catalysts has not been yet reported in the literature. We have therefore studied the performances of the MCM-41 supported Co-Mo catalysts in 1-octene hydrogenation reaction.
Experimental
The synthesis of the MCM-41 used as support for Co-Mo catalyst was carried out in two steps: preparation of a surfactant C 16 and synthesis of the mesoporous silica, using a method modified by Ciuparu et al. [9] that has been previously described in detail in literature [1, 2] . For the preparation of the surfactant C 16 , cetyl-trimethyl-ammonium bromide (CTAB) as a template and ion exchange resin Amberjet 4400 are used and tetramethylammonium silicate (TMAS) as silica source, fumed silica Cab-O-Sil M5, antifoam A and nitric acid are used for the synthesis of the silica.
The loading of the Co-Mo catalysts was carried out by incipient wetness impregnation of the synthesized MCM-41 sieve. 2 O and dried at 120°C for 14 h; the dried material was calcined at 450°C for 6 h and at 500°C for 2 h in air. Then, the Mo/MCM-41 was impregnated with the required amount of Co(NO 3 ) 2 ·6H 2 O, also dried at 120°C and calcined at 450°C for 6 h and at 500°C for 2 h in air. In the case of Mo/MCM-41, MoO 3 content was of 12 wt.% and, in the case of CoMo/MCM-41 catalyst, the promoted CoO content was varied at 3, 6 and 9 wt.%, respectively. These catalysts are further refferet to as Co (3) The hydrogenation reaction products were quantitatively analyzed using a Varian 450-GC and 1-octene conversion was calculated from the analysis results. Figure 1 shows nitrogen adsorption/desorption isotherms of the MCM-41. The isotherm exhibits the typical shape of type IV isotherm associated with MCM-41 mesoporous materials with finely ordered hexagonal structure.
Results and Discussions
Specific surface area of the MCM-41 was calculated using the BET equation:
where V is weight of monolayer adsorbed gas, P/P 0 is relative pressure, V m is weight of adsorbate as monolayer, and C is BET constant. where m is the weight of sample used for the measurement (in g). The calculated V m , C, S BET and pore diameter calculated by the BJH method are described in Table 1 . The XRD patterns of the MCM-41 supported catalysts in comparison with low-angle ones of the pure mesoporous silica MCM-41 are shown in Fig. 3 . The low-angle XRD pattern of the MCM-41 exhibits an intense peak corresponding to the (100) plane reflection at 2θ angle of 2.4° and two weak peaks at 4.0 and 4.4°, which can be attributed to the diffraction of the (110) and the (200) planes, respectively. These peaks show the good long range ordered hexagonal structure of the synthesized material. From the low-angle XRD patterns of the Co-Mo catalysts, the disappearance of the characteristic peaks of the pure MCM-41 is observed, indicating loss of its long range order after loading the catalytic active components [4] . This fact suggests that the surface area, pore volume and pore size decrease significantly with loading the active components. On the other hand, the XRD patterns of the catalysts in the range of 10 ~ 60° does not show any peaks corresponding to the catalytic active components, CoO and MoO 3 , indicating that the added active components are finely dispersed in the support, and thus particle sizes of the active phases are below the detection limit of the XRD instrument used. The good dispersion of the active phases in the support indicates that the MCM-41 supported CoMo catalysts have significantly high surface area. Also, this good dispersion suggests that MCM-41 can be used for the preparation of supported catalysts with high surface area and high dispersions. Even if the MCM-41 has lost its long range order due to the loading of the catalytic active components, it maintains its other initial properties such as high surface area and ordered mesoporous structure.
The test results of the catalytic performance of the MCM-41 supported catalysts for 1-octene hydrogenation are shown in Fig. 4 . From Fig. 4 it can be clearly seen that 1-octene conversion increases with the increase of the reaction temperature for the Co-Mo catalysts investigated. Moreover, the catalysts with higher CoO content show higher activity (up to 40 %) for 1-octene hydrogenation at reaction temperatures below 250°C, but they show opposite results at reaction temperatures above 250°C. Because there are different reactions that may take place in the presence of the Co-Mo/MCM-41 catalyst such as 1-octene hydrogenation to n-octane and cracking of octane, we explain these results to be caused by the competitive reactions occurred on different active sites of the catalysts.
Conclusions
The mesoporous silica MCM-41 has high surface area, S BET = 1690.81 m 2 /g and long range ordered hexagonal structure. The XRD patterns of the MCM-41 and the Co-Mo/MCM-41 catalysts show that metal species, CoO and MoO 3 , are finely dispersed in the MCM-41. Therefore, particle sizes of the active phases are below the detection limit of the XRD instrument. The good dispersion of the active phase in the support indicates that MCM-41 supported Co-Mo catalysts have significantly high surface area. All the investigated MCM-41 supported catalysts show an increase of the hydrogenation activity with the increase of the reaction temperature when the temperature ranges from 200 to 350°C. The catalysts with higher CoO content show higher hydrogenation activity at reaction temperatures below 250°C, but opposite results at reaction temperatures above 250°C.
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